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Abstract
The submitted study represents a part of an extensive study focused on health and condition of the auxiliary musculoskeletal system in current high school and university students. Based on our research practice we can state that the functional condition of the musculoskeletal system of Czech high school and university students is unsatisfactory. The data of several research subsets have been presented within this research project. In order to gain a more complex insight into the area of the auxiliary musculoskeletal system, we carried out a questionnaire-style research focused on subjective evaluation of health and its individual components. A total of 1 022 high school students took part in this research, and 569 university students were used to compare the results. Besides that, the high school students took part in a survey to assess complementary activities aimed at improving the auxiliary musculoskeletal system. The goal of this survey was to assess the subjective level of health and its components in present-day high school students, and simultaneously evaluate activities connected to the care of the auxiliary musculoskeletal system. The outputs of this survey may serve for future work with students and for overall improvement of the functional auxiliary musculoskeletal system, and thus health in general. We assume that the submitted findings will be used
Introduction
The assessment of the condition and functioning of the musculoskeletal system can be considered as an important part of man's health. The World Health Organization (WHO) defines health as "the state of complete physical, mental and social well-being, not merely the absence of disease or infirmity" (WHO, 2016) . This progressive definition has become an important divide in viewing the whole problem of health as an area, where besides the biological aspect, the social aspect of health and illness is important, too. The fact that the definition places an emphasis on wholeness or whole as the main feature of health at all is valuable. At the same time, it accentuates health as a positive, generally desired value (Křivohlavý, 2009; Payne et al., 2005) .
The way an individual maintains his health, besides endogenous dispositions, depends mainly on a complex of behavioral aspects. Currently, these aspects relating mainly to the individual behavior of an individual are classified within the term lifestyle. Thus lifestyle represents one of the most important protective health factors (Pluijm et al, 2007) . Lifestyle and personal behavior influence the health of an individual in 50-60 % (Dolanský, 2008; Machová & Kubátová, 2009) . Its influence takes effect in a whole range of life areas -family, school, workplace, leisure time activities, etc. In case we want to influence the health and lifestyle of an individual in a positive context and within primary prevention, it is necessary to start with the youngest age categories. The position of the WHO is that the behavior and lifestyle in adulthood are the results of a person's development in childhood and adolescence. From the viewpoint of public health, the monitoring of the occurrence of behavioral components affecting the health of children and adolescents is important (Kalman, Hamřík, & Pavelka, 2009 ).
If we significantly connect the lifestyle of an individual with his musculoskeletal activity, we can speak of an active lifestyle. That is considered as a certain system of important activities and relations and interconnected practices focused on achieving a full-fledged and harmonious state between the physical and mental sides of men (Valjent, 2008) .
Musculoskeletal activity has accompanied man since the beginning of his evolution. In the past 50 000 years of the so-called Homo sapiens sapiens, only small changes have modified life functions of men. Compared to hunters and gatherers, an urbanized man of the present day is exposed to totally different life conditions. Mainly a lack of movement and excessive energy intake characteristic for sedentary lifestyle lead to regulatory systems disorders that were set up for different life conditions (Stejskal, 2004) . Musculoskeletal inactivity in combination with bad eating habits then lead to the occurrence of multiple noninfectious diseases that are currently the cause of 60 % of all deaths in the world (WHO). Sedentary lifestyle is represented by a lack of physical activity (PA) both at work and during one's leisure time. Fatigue caused by psychological stress and a lack of movement decreases man's activity so much that he consumes more than he gives out. These facts are then negatively demonstrated in multiple physical systems, lead to the onset of the above mentioned diseases and decrease an individual's quality of life in general.
Negative influences will thus demonstrate also on the condition of the auxiliary musculoskeletal system. The condition of the present-day population in the area of the musculoskeletal system is very unsatisfactory. Various disorders in the area of the muscle system that are one of the significant causes of painful conditions of the musculoskeletal system are diagnosed increasingly often Kolář et al., 2009; Kopecký, 2010; Véle, 2012) . For optimum functioning of the skeletal muscles there needs to be an optimum functional ratio between the postural and phasic muscles. The trend of unsatisfactory condition of the auxiliary musculoskeletal system is now observed even in the youngest age categories, and it is closely related to the school regimen of children that does not allow spontaneous musculoskeletal activity, and thus helps to give rise to such disorders. The static-dynamic function of the musculoskeletal system is disrupted, which leads to various musculoskeletal substitutions, clinical syndromes, and a decrease in the tolerance threshold of physical stress (Kolář, 2006) . Based on our own survey we can state that the highest occurrence of muscular imbalance in high school students was found in knee-joint extensors (71.2 %) and knee-joint flexors (63.7 %) (Dostálová & Sigmund, 2017) . Other frequent areas of muscle shortening are in the lumbar area of spine erectors and the thigh fascia stretcher. It turns out that all significantly higher values of muscle shortening were found in boys compared to girls. Different occurrence of muscular imbalance is not monitored only in hypokinetic individuals but also in the sporting population, thus becoming one of the biological risk factors that limit sport performance and contribute to the origination of various injuries and premature development of degenerative disorders of the auxiliary musculoskeletal system . The need for increased attention paid to the auxiliary musculoskeletal system is mainly accented in children and youth since mainly here it is possible to effectively help, namely in the sense of primary prevention. For this reason, it is necessary to discover such problems in time and rectify them using a suitable corrective activity in respect to the individual needs of every individual.
The submitted study represents a part of an extensive study focused on the health and condition of the auxiliary musculoskeletal system in present-day high school and college students. In order to gain a more complex insight into the area of the auxiliary musculoskeletal system, we carried out a questionnaire-style research focused on subjective evaluation of health and its individual components.
Besides that, the high school students took part in a survey to assess complementary activities aimed at improving the auxiliary musculoskeletal system. Based on our research practice we can state that the functional condition of the musculoskeletal system of Czech high school and university students is unsatisfactory. The data of several research subsets have been presented within this research project.
We asked the following research questions: 1). What is the level of subjectively perceived health in present-day high school students? 2). What preventive measures in respect to preventive care of the auxiliary musculoskeletal system do present-day high school students apply?
The goal of this research is to assess the subjective level of health and its components in present-day high school students, and simultaneously evaluate activities relating to the care of the auxiliary musculoskeletal system.
Methods

Research sample
The study involved a total of 1 022 high school students (49 % boys; 51 % girls) from selected high school in Olomouc and North Moravian region and 569 university students (37 % male; 63 % female) from Palacký University in Olomouc. The survey and data collection were carried out in year 2015. In terms of age, the study was conducted on high school students aged from 16 to 19. The overall age variability of the research sample of university students was between 19 and 26 years. Data of university students are presented for comparison with the main target group of high school students.
In terms of ethical aspects, all participants in the survey were fully informed of its purpose and of a possibility to terminate their participation at any time without giving a reason. All participants were informed of further data processing and ensuring anonymity. Each participant was involved on a voluntary basis and consented to data processing and publication.
Data collection methods
To assess the current level of life satisfaction, the research study used a standardized psychodiagnostic tool -Life Satisfaction Questionnaire (LSQ) (Rodná & Rodný, 2001 ). The Czech version of the LSQ is based on the original German questionnaire Fragebogen zur Lebenszufriedenheit (FLZ) (Fahrenberg, Myrtek, Schumacher, & Brähler, 2000) . The LSQ is designed for standardized description of inter-individual and intra-individual life satisfaction variability. Each of the specified items contains seven statements. For each statement in each item the respondent tries to express the current level of satisfaction by selecting on a seven-grade scale; 1 = very dissatisfied, 7 = very satisfied. The Health item was elaborated and analyzed in more detail. Furthermore, the question-naire was applied focusing on issues related to alternative musculoskeletal system. The items related to PA warming up, compensatory-corrective activities, the incidence of chronic diseases and the overall issue of alternative care for musculoskeletal system were evaluated.
Statistical analysis
Statistical result processing was conducted using the Statgraphics programme v. 12.0 (Statistica, Tulsa, USA). For each variable, basic statistical quantities were calculated and distribution normality verified. Normality was assessed using the Shapiro-Wilk normality test. For the assessment of differences in mean values independent sets of two-sided Student t-test were applied. Evaluation of the questionnaire responses was performed using contingency tables, chi-square test. The level of statistical significance was tested at p ≤ 0.05; p ≤ 0.01. To assess Effect of Size, the Cohen's coefficient defined as a difference between two means divided by a standard deviation for the data, where the value of d 0.2 = small effect, d 0.5 = medium effect and d 0.8 = large effect (Cortina & Nouri, 2000; Thomas, Nelson, & Silverman 2011) was applied.
Results and Discussion
The results section presents the main findings concerning subjective assessment of health and preventive care of the musculoskeletal system in the research sample of current high school students. To compare the results in the area of health, the authors used reference data and data based on their own research aimed at university students.
In the group of high school students, the authors observed an overall lower level in the assessment of own health compared with reference values based on the Life Satisfaction Questionnaire. A comparison of the overall values of the level of health and its subcomponents with the sample of university students suggests statistically and materially insignificant differences between high school students and university students (Table 1) . A detailed analysis by gender revealed a trend of higher satisfaction with own health in male respondents, both among high school students and university students. These findings are consistent with other studies aimed at the issue of health Kvintová & Sigmund, 2012) . 
Results of a questionnaire survey aimed at physical activity and care of the musculoskeletal system in current high school students aged 16 to 19 years
The question on PA asked how often current high school students pursued PA. The answer 'regularly' indicated physical activity at least three times a week of at least 60 minutes (in total 180 minutes). It was observed that 56 % of high school students indicated regular PA. A significantly higher proportion of regular PA was observed in boys compared with girls (Table 2) . Irregular PA was reported by 40 % of high school students with significantly higher values in girls. No PA was reported by 4 % of high school students with a higher proportion of girls. In relation to PA, it was observed that 29 % of high school students considered themselves active athletes. A significantly higher proportion was observed in boys compared with girls (Table 2 ). In terms of caring for the musculoskeletal system, the survey focused on how students performed a warm-up before physical activity. The answer 'regularly' indicated a warm-up prior to any PA. A total of 42 % of students reported a regular warm-up. This was indicated by an insignificantly higher proportion of boys compared with girls. 47 % of respondents reported an irregular warm-up prior to PA, and 11 % of reported no warm-up. The difference between the answers of boys and girls was statistically insignificant (Table 2 ). In terms of caring for the musculoskeletal system, the survey also focused on how stu-dents performed compensation and corrective activities after PA. The answer 'regularly' indicated compensation and corrective activities aimed particularly at the muscular system after completion of any PA. A total of 19 % of students reported regular compensation and corrective activities. 52 % of respondents reported irregular and 19 % no compensation activities. The difference between the answers of boys and girls was statistically insignificant (Table 2 ). The incidence of chronic diseases in the sample of high school students represents 20 %, with identical values in boys and girls (Table 2 ). In terms of specific diseases, the most frequently reported diseases were allergy and type 1 diabetes mellitus. The respondents indicated negligible incidence of chronic diseases associated with the musculoskeletal system. Table 2 Current high school students -physical activity and chronic diseases Total (n = 1 022) The assessment of ergonomic measures in relation to the musculoskeletal system focuses on whether the respondent uses for example a suitable chair, has a well-organized workplace (space, desk), uses a suitable bed (frames, mattress), anatomically shaped backpack, luggage on wheels, handles objects in a proper way, etc. A total of 17 % of high school students reported that they applied ergonomic measures in terms of caring for their musculoskeletal system. This was indicated by a significantly higher proportion of boys compared with girls (Table 3 ). The question on activities associated with good posture focuses on whether the respondent performs posture correction in various positions regularly throughout the day. A total of 41 % of high school students reported regular posture correction with a significant predominance of boys. The question on the application of water regeneration procedures asks whether these activities are a regular part of caring for the musculoskeletal system. A total of 13 % of high school students indicated the application of water regeneration procedures as a regular part of caring for their musculoskeletal system. This was indicated by a significantly higher proportion of boys compared with girls. The use of appropriate footwear was the subject of a separate question because caring for the leg and the foot significantly determines the overall condition of the musculoskeletal system. A total of 17 % of high school students reported the use of appropriate footwear. This was indicated by a significantly higher proportion of boys (31 %) compared with girls (4 %) ( Table 3 ). The question on active health exercise asks whether the respondent deliberately performs PA associated with compensation and corrective activities aimed at the musculoskeletal system at least once a week. A total of 17 % of high school students reported such activity. This was indicated by a significantly higher proportion of boys compared with girls. A total of 10 % of high school students reported regular use of medicine. Regular use of food supplements was reported by a total of 23 % of high school students. The use of food supplements was indicated by a significantly higher proportion of boys (37 %) compared with girls (9 %) ( Table 3) . Table 3 Current hight school students and alternative care for musculoskeletal system
Physical activity
Alternative care for musculoskeletal system Total (n = 1 022) Deliberate PA and other preventive activities aimed at supporting the musculoskeletal system represent an important part of caring for the musculoskeletal system of an adolescent. Research studies performed by the authors suggest that the functional state of the musculoskeletal system in Czech students is unsatisfactory. Therefore, it is imperative to work with the students on a practical level in terms of preventing or compensation of negative functional consequences. It is also important to implement theoretical knowledge in classes and educational curricula in order to improve the education of health and healthy behavioral aspects relating to the musculoskeletal system -both in terms of primary and secondary prevention with the application of appropriate compensation and corrective activities. Horkel and Horklová (2004) confirmed that training exercise incorporated in school-based physical education significantly improved muscle balance. At the same time, however, stated that physical education lessons contained little or no training exercise focused on muscle balance. The selection of activities should primarily focus on differentiated elimination of insufficiencies in the physical development and PA of students with regard to their individual needs. Most functional disorders and painful areas in children and youth are located in the lumbar and pelvic regions. The incidence of pain correlates with age, length and type of PA (Thurzová, 2003) . It is therefore necessary for children's PA to include from an early age a variety of corrective activities in order to eliminate muscle imbalances and to maintain an optimum condition of the musculoskeletal system or correct any existing disorders and substitutions . Disorders of muscle functions and locomotive stereotypes were observed both in children with low PA and children subject to unilateral load during sport. If special compensation exercise is not used, PA and high fitness are not sufficient to protect children and adolescents from muscle imbalances. Functional muscle imbalance should be a sufficient incentive for the development of optimal physical activity programs in the school environment.
Ergonomic measures
Conclusions
The main results of the present survey aimed at subjective assessment of health and care of the musculoskeletal system in high school students are as follows:
• Subjective assessment of health in current high school students and university students is lower than reference values, • subjective assessment of health and its subcomponents in current high school students and university students is almost identical and shows insignificant differences, • 56 % of high school students report regular PA, with a significant predominance of boys, • 29 % of high school students report their active engagement in sport, with a significant predominance of boys, • 42 % of high school students report regular warm-up prior to PA, • 19 % of high school students report regular compensation and corrective activities after PA • 20 % of high school students report the incidence of chronic disease, • 17 % of high school students report the application of ergonomic measures in terms of caring for the musculoskeletal system, with a significant predominance of boys, • 41 % of high school students report regular posture correction, with a significant predominance of boys.
• 13 % of high school students report regular application of water regeneration procedures as a part of caring for the musculoskeletal system, with a significant predominance of boys, • 17 % of high school students report the use of appropriate footwear, with a significant predominance of boys, • 17 % of high school students report active health exercise at least once a week aimed at compensation and corrective activities with a focus on the musculoskeletal system, • 10 % of high school students report regular use of medicine, • 23 % of high school students report regular use of food supplements, with a significant predominance of boys.
This study represents a part of an extensive research aimed at the condition of the musculoskeletal system in Czech students. This particular part focuses on high school students, whose functional state of the muscular system is unsatisfactory. Compensation and corrective activities do not include only specific types of PA but also other activities that can positively affect the quality of the locomotor system. Some of them were indicated in the mentioned study. Generally, the results are unsatisfactory. The outcomes of the survey can be used for further work with students and for overall improvement of the functional state of the musculoskeletal system and health in general. This should prevent further deterioration of the function of the musculoskeletal system in children and youth that could lead to more serious disorders of the musculoskeletal system. We assume that the findings will be used in further work with students in terms of promoting health, healthy growth and development, and prevention of negative phenomena concerning the musculoskeletal system.
